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array of the light modulator at the direction of a control 
System, it is possible for the light modulator to compensate 
for shifts in the alignment of the optical components within 
the System. 
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FEEDBACK CONTROL FOR FREE-SPACE 
OPTICAL SYSTEMS 

TECHNICAL FIELD 

0001 Systems for aligning free-space optical compo 
nents and Subsystems, and particular Such Subsystems 
employing pixel-based light modulation. 

BACKGROUND 

0002. In an optical System employing free-space optical 
components with pixel-based light modulation, Such as 
reflective Spatial light modulators or reflective or transmis 
Sive liquid crystal displays, it is important that the light beam 
be properly aligned with the modulating elements. The light 
beam also must be properly aligned with the other optical 
components within the optical System. Mechanical align 
ment is presently used to position the components in a 
free-space optical System Such that proper alignment is 
established. Such mechanical alignment can be a time 
consuming and laborious proceSS. Typically, the assembler 
of the System monitorS received and/or transmitted power 
levels in various Stages within the System as the positioning 
of the components is tweaked using mechanical, piezoelec 
tric, or other forces to move components into alignment. 
0003) Not only must free-space optical systems and Sub 
Systems be initially configured for proper alignment, but 
Such free-space optical Systems are prone to instability in 
their alignment due to, for instance, environmental tempera 
ture variation and corresponding Coefficient of Thermal 
Expansion (“CTE”) mismatches between components made 
of differing materials within the systems. Thus, over tem 
perature ranges required for operation, e.g., 0-70 C., indi 
vidual lenses, gratings, mirrors and other components within 
an enclosure may shift by differing amounts and in different 
directions. Such shifting may come from the above compo 
nents, the mounting enclosures and/or adhesives capturing 
the components having different CTEs. 
0004) Other techniques for dealing with environmental 
Stresses and variation include active temperature control and 
hermetic Sealing of components and/or Systems. These tech 
niques, however, can be difficult and/or expensive depend 
ing upon the size and other System or component design 
factors. 

SUMMARY 

0005 Disclosed in this application are embodiments for 
the dynamic alignment of light beams by using the flexibility 
of a pixel-based light modulator or a light modulator having 
individually controllable elements or pixels. The light 
modulator may be a Deflectable Mirror Device (“DMD”) or 
it may be a Liquid Crystal Display (“LCD”) or another type 
of device. Embodiments of free-space optical Systems are 
disclosed in this application in which an optical System input 
is provided, which may be a free-space optical Signal or may 
be an optical Signal contained within, for example, an optical 
fiber. At Some point within the free-space optical System, the 
input optical Signal becomes a free-space optical Signal and 
is modulated by a pixel-based light modulator. The modu 
lator operates under control of a control circuit, which 
communicates with the light modulator through, for 
example, optical or electrical communication. Under control 
of the control circuit, the modulator performs useful optical 
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functions Such as the projection of an image for use in 
display or printing, filtering of an optical signal, Switching of 
an optical Signal, or other functions. These functions can be 
best accomplished, however, if the light beam is properly 
aligned within the free-space optical System. 
0006. In embodiments of this application, the fact that the 
modulator comprises an array of Switchable elements is used 
to compensate for misalignments occurring either initially or 
during the operation of the System. For example, if a 
modulator has a Square array of pixels having 12 rows and 
10 columns, and if it is detected that the free-space optical 
Signal is Striking the modulator not at its originally aligned 
location but 2 rows below the originally aligned location, it 
is possible to adjust the mapping of the pixels to the Signals 
being modulated to compensate for the misalignment. This 
flexibility accordingly allows the dynamic adjustment of 
System alignment or a compensation for Shifts in alignment 
in the free-space optical System. A similar approach can be 
taken if the optical beam is detected to be horizontally 
displaced from the originally aligned position Such that it is 
Striking two columns to the right or left of the originally 
aligned position. Thus, the control circuitry operates to 
re-map or re-assign rows and columns of the modulator 
depending on the detected Shifts in alignment. 
0007. In order to detect the shifts in alignment such that 
these changes can be compensated for, embodiments 
described in this application provide for a separate and 
parallel optical alignment optical signal. The alignment 
optical Signal may be formed by a light emitting device Such 
as Semiconductor laser that is positioned to provide a 
beam-an alignment optical Signal-aligned with the free 
Space optical signal traveling through the optical System. 
Thus, by passing the alignment optical Signal though the 
Same components and on a parallel path relative to the 
free-space optical Signal, it is possible to provide a separate 
detector that can be used to detect alignment shifts occurring 
by positioning an optical detector at the tail end of the Signal 
path through the optical System. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a perspective view of an optical system 
employing alignment circuitry for detecting and correcting 
for misalignment in free-space optical System components, 

0009 FIG. 2 is a top view of an SLM onto which a band 
of channels has been directed; 
0010 FIGS. 3A-3B are mappings of light beam intensity 
onto a DMDSurface in an aligned and nonaligned condition; 
0011 FIGS. 4A-4B are mappings of light beam intensity 
relative to the pixels of a detector array; 
0012 FIG. 5 illustrates an exemplary optical system and 
control circuitry; and 
0013 FIG. 6 is a flow chart showing an exemplary 
method for operation of the free-space optical System. 
0014 All of these drawings are drawings of certain 
embodiments. The scope of the claims is not to be limited to 
the Specific embodiments illustrated in the drawing and 
described below. 

DESCRIPTION OF THE EMBODIMENTS 

0015 FIG. 1 is a three-dimensional perspective view of 
an embodiment of a free-space optical system 100. In this 
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particular embodiment, there is provided an input 102, 
which is shown in the figure as an input fiber collimator 102, 
but might also be a focusing lens or another type of optical 
coupler. An optical Signal enters the optical System at the 
input 102 and becomes a free-space optical signal 104 
within the system 100. While traveling through the optical 
system 100, the free-space optical signal 104 may be fil 
tered, reflected, focused, split, polarized, or otherwise acted 
upon. In the example of FIG. 1, the free-space optical Signal 
104 is reflected from grating 106, which will reflect different 
wavelength components of the optical Signal 104 along 
desired paths. In this embodiment, the wavelength compo 
nents travel on Slightly diverging Sub-paths through projec 
tion lens 108 and onto mirror 110. From the mirror 110, the 
free-space optical Signal 104 comprising slightly Separated 
wavelength components is reflected towards a DMD fold 
mirror 112, which reflects the free-space optical signal 104 
onto the face of a DMD light modulator 114, or other Spatial 
Light Modulator (“SLM”), or other light modulator such as 
an LCD. The Separation of the wavelength components 
allows the modulator 114 to separately modulate the mul 
tiple wavelength components. In this embodiment, as in 
most optical System embodiments, proper alignment of the 
optical Signals to the components they interact with is 
important. The concepts described in this application will 
accordingly be applicable to many different types of optical 
systems. The scope of the claims should not be limited to 
any specific embodiment disclosed in the application, but 
instead should be determined according to the language of 
the claims themselves. 

0016 Still referring to FIG. 1, the light signal 104 is 
modulated by the light modulator 114 and is directed back 
again to the mirror 112 as a modulated free-space optical 
signal 115. From the mirror 112, the modulated optical 115 
Signal travels along a similar path to the incoming free-space 
optical Signal 104, but in an opposite direction. Accordingly, 
the modulated free-space optical Signal 115 is reflected from 
the mirror 110 back through the lens 108 and onto the 
grating 106. The grating 106 re-combines the multiple 
wavelengths, and another mirror 116 is provided along the 
path of the modulated free-space optical Signal 115 Such that 
the path is diverted from being substantially aligned with the 
incoming free-space optical Signal 104. From the mirror 116, 
the modulated free-space optical system 115 is reflected 
towards an output 120 from the free-space optical System 
100. 

0017 Maintenance of proper alignment of the system 100 
shown in FIG. 1 or of another free-space optical system is 
important for optimal operation of Such Systems. This align 
ment is first established by the careful assembly of the 
components in the optical System, which includes careful 
adjustment of the components, typically while monitoring 
System performance. Embodiments described in this appli 
cation provide for the maintenance and fine-tuning of the 
optical Signal alignment—without requiring physical adjust 
ment of the hardware components. Since arrays of pixel 
elements are used for modulation of the free-space optical 
signal 104 in the embodiments described herein, it is pos 
Sible to optimize and tune the optical performance of the 
system 100 by logically shifting the pixels assigned to the 
free-space optical Signal 104. 

0.018. The embodiments described herein provide for 
Separate alignment circuitry by which the alignment of the 
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components in the free-space optical System 100 can be 
detected and optimized, and by which the optical modula 
tion characteristics and pixel assignments of the light modu 
lator 114 can be dynamically changed in order to compen 
Sate for misalignment within the System. In the embodiment 
shown, a light emitter 130, Such as a Semiconductor laser, 
provides an alignment beam 132 Substantially aligned with 
the free-space optical signal 104 and modulated free-space 
optical signal 115. A detector 135 is positioned near the 
output of the free-space optical system 100. The detector 
135 receives the alignment beam 132 after it has traveled 
through the system 100 aligned with the free-space optical 
signal 104 and the modulated free-space optical signal 115. 
The alignment beam or alignment optical Signal 132 gener 
ally follows the path of the free-space optical Signal 115, and 
in many cases will be reflected by or transmitted through the 
Same optical elements as the free-space optical Signal 115. 

0019. To facilitate the handling of the alignment optical 
signal 132, the modulator 114, if reflective, may also include 
a non-pixelated, non-modulating reflective Surface for the 
reflection of the alignment optical signal 115. If the modu 
lator 114 is transmissive, it may include a non-pixelated, 
non-modulating transmissive area for the passing through of 
the alignment optical signal 115. The emitter 130 and 
detector 135 may be aligned at the time of the optical system 
assembly Such that the initial optical profile on the detector 
135 is known. Thus, if the optical alignment begins to drift, 
it can be determined what compensation if any should be 
applied within the System. 

0020 FIG. 2 is a top view of the DMD 114. Shown on 
FIG. 2 and on the surface of the DMD 114 are a plurality of 
individual pixel elements 202. These individual pixel ele 
ments are, in one embodiment, individual DMD mirrors, 
which can be individually Switched on and off by circuitry 
underlying the DMD pixels on a semiconductor substrate. In 
such an embodiment, the array may be a 768x1024 array, 
although many other array dimensions could be used. 
Besides DMD-type spatial light modulators, the principles 
employed here could also be applied to liquid crystal dis 
playS or other types of Spatial light modulators. 

0021. Also shown on the surface of the DMD 114 are a 
number of Segments or Sub-arrayS 204 of pixels. The Seg 
ments represent divisions of the area in which the multiple 
channels of the incoming free-space optical Signal 104 can 
strike the surface of the DMD 114. In this description of the 
embodiments, the area in which the plurality of channels of 
the optical signal strike the DMD will be referred to as the 
band 206, whereas the sub-arrays in which the channels 
Strike are referred to as Segments 204. Thus, as shown here, 
there would be a segment 204 devoted to receiving a first 
channel, w, a Second channel W., a third channel W., and So 
on, up until an nth channel W. Within each Segment 204, in 
general the intensity distribution will be Gaussian in shape 
due to the mode of the single-mode fiber input to the 
collimator 120. Although FIG. 2 shows each individual 
channel as being contained within a Single band 206, and 
Striking within a Single Segment 204, it is also possible to 
have the 1/e area (91% of the power) for each wavelength 
overlapping relative to each other or Spilling over into 
adjacent Segments. 

0022. Initially upon system start-up, the different wave 
lengths within the band 206 will be distributed across the 
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surface of the DMD 114. At this time, it will be possible to 
establish a reference point for the band 206, for individual 
wavelengths within the band, and for a separate alignment 
Signal, if a separate alignment Signal is employed in the 
System. Whether the alignment Signal 132 or a separate 
wavelength of the optical signal 104 or a diffracted order of 
the optical signal off of the DMD 114 is used for alignment, 
initially a reference point will be established for the initial 
optical Signal alignment. The reference point would gener 
ally be a point of maximum intensity for the alignment 
Signal 132, be it a separate alignment signal 132 or one 
extracted from a diffracted order of an optical Signal. There 
after, environmental factors causing movement of the dif 
ferent elements within the system 100 would affect the 
alignment signal 132 in a nearly identical manner as the 
optical signal 104, the projection of which forms the band 
206 and its multiple wavelengths, because the alignment 
Signal 132 and the optical signal 104 travel along essentially 
the same path through the system 100. 

0023 FIG. 2 further shows, absent intervening optics 
such as illustrated in FIG. 1, the use of an optical emitter 130 
that provides an alignment signal 132, which forms a spot 
260 in an alignment area 250 on the DMD surface 114. The 
optical alignment detector 135 is provided to sense the 
intensity of the alignment signal reflected off of the DMD 
surface 114. By turning on and off subsets of mirrors or 
single mirrors to determine the center of the spot 260 within 
the alignment area 250 through the sensing of the relative 
signal intensity at the detector 135, it is possible to see where 
the alignment Signal is falling relative to the reference point. 
By shifting the pixels of the DMD 114 that are assigned to 
the band 206 and the multiple wavelength areas 204 within 
it, it is possible to compensate for drifting alignment or other 
misalignment within the system 100. This figure also shows 
another possible embodiment in which a “test” wavelength, 
W., is used from the main Source optical signal transmitted 
through the fiber 103 and collimator 102. In this way, 
alignment can be done without the need of a separate optical 
alignment source 130. The use of a separate “test” wave 
length or a separate emitter allows for on-the-fly adjustment 
of the pixel assignments within the DMD without interfering 
with the Signal wavelengths, it is also possible to use one of 
the signal wavelengths (W1, W2, a . . . .) by temporarily 
breaking that Signal and testing the intensity of the light 
output for that wavelength while turning “on” and “off” 
different groups of pixels in the area of the DMD surface in 
which the particular wavelength spot is expected to Strike. 

0024. While certain system arrangements are described 
herein, there are a number of possible arrangements for the 
various components in such a system 100. 

0.025 First, as described above, there can be provided an 
alignment Signal Source 130 that provides an alignment 
Signal 132 propagating in parallel to the optical Signal 104 
and modulated optical Signal 115, wherein the optical Signal 
is received at a single element detector 135. The relative 
position of the alignment Signal can be determined by 
rotating through certain patterns or pixels to determine the 
optical response for the respective patterns or pixels by 
monitoring the intensity of the light Striking the detector 
135. 

0.026 Second, an alignment signal source 130 can pro 
vide an alignment Signal that can be propagated in parallel 
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to the optical Signal 114 and modulated optical Signal and on 
to a pixelated detector 135. The pixelated detector can 
determine the peak location pixel on the detector 135 of the 
optical Signal relative to a reference point, and adjustments 
in alignment can be made accordingly. 

0027. Third, a test wavelength can be provided as a 
diffracted wavelength from the optical signal 104. The 
relative position of the W. Signal can be determined by 
providing an optical detector in line with the signal as 
it is directed from the DMD surface 114. The optical detector 
might be a single element or pixelated detector 135. For the 
single element detector 135, as described above in the first 
example, certain patterns of pixels on the modulator 114 can 
be applied to determine the effect those patterns have on the 
optical performance (as an example of the application of 
patterns to determine characteristics of an optical System, 
see commonly assigned U.S. Patent Publication 
20030001953, to Rancuret et al., which is hereby incorpo 
rated by reference herein). For a multiple element or pix 
elated detector 135, patterns might not be applied but the 
relative intensity of light Striking the individual pixels of the 
detector 135 can be used to detect relative shifts of the 
optical Signal. 

0028. Fourth, diffracted components of the optical signal 
104, Such as might be generated during a pixel reset of the 
modulator 114, can be monitored by a Single element or 
pixelated detector 135. As described above, for example, a 
detector 135 can be positioned to receive the first diffracted 
order of an optical Signal and to detect alignment Shifts 
therein. The third and fourth examples above are accom 
plished without the use of an additional alignment Signal 
Source 130. 

0029 FIGS. 3A-3B illustrate optical profiles 202A, 
202B for aligned and misaligned optical signals on the 
detector 135. FIG. 2A thus shows the optical profile of an 
alignment optical Signal 132 in optimal alignment, whereas 
FIG. 2B shows the alignment signal to be shifted a little 
more than one pixel to the right. In this example, the detector 
135 might be a 5x5 array of light detection elements or 
pixels 204, which are operable to detect the light intensity of 
the incoming alignment Signal 132. In FIG. 2A, as can be 
Seen by the optical light intensity Spectrum 202, which in 
this example is a circularly Symmetric Signal, the maximum 
intensity is located at the center of the 5x5 pixel array in the 
detector of 135. If the rows and columns of the array of the 
detector 135 were numbered as shown in the figure, this 
maximum light intensity would be located at pixel 3.3. In 
FIG. 2B, however, when the alignment signal 132 is shifted 
to the right, the maximum light intensity is instead located 
at pixel 4.3, where 4 is the column number and 3 is the row 
number. 

0030 FIG. 4A-4B illustrate optical profiles 402A, 402B 
for aligned and misaligned optical Signals on the detector 
135. FIG. 4A thus shows the optical profile of an alignment 
optical signal 132 in optimal alignment, whereas FIG. 4B 
shows the alignment signal to be shifted a little more than 
one pixel to the right. In this example, the detector 135 might 
be a 5x5 array of light detection elements or pixels 204, 
which are operable to detect the light intensity of the 
incoming alignment Signal 132. In FIG. 4A, as can be seen 
by the optical light intensity spectrum 202, which in this 
example is a circularly Symmetric Signal, the maximum 
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intensity is located at the center of the 5x5 pixel array in the 
detector of 135. If the rows and columns of the array of the 
detector 135 were numbered as shown in the figure, this 
maximum light intensity would be located at pixel 3.3. In 
FIG. 4B, however, when the alignment signal 132 is shifted 
to the right, the maximum light intensity is instead located 
at pixel 4.3, where 4 is the column number and 3 is the row 
number. 

0.031) Using information gleamed from the detector 135, 
control signals (not shown, see FIG. 5) can be provided 
whereby the modulation provided by the light modulator 114 
can be adapted to compensate for this misalignment. In other 
words, if the alignment Signal 132 is shifted one pixel to the 
right, as shown by the graph of the spectrum 402B in FIG. 
4B, it may be assumed that the communication signals-the 
free-space optical Signal 104 and modulated free-space 
optical Signal 115-are misaligned by the same distance. 
This assumption depends on the alignment Signal having 
Similar mountings and a similar path relative to the free 
Space optical Signal 104 and modulated free-space optical 
signal 115. Even if the alignment components 130, 135 and 
Signal 132 are not completely parallel to or even aligned 
with the regular optical System components in this embodi 
ment, it may still be possible to compensate according to the 
shifts occurring in the alignment Signal 132 based on pro 
portional relative adjustments or other known relationships. 
Accordingly, it may be possible to Shift the modulation of 
the free-space optical signal 104 with the light modulator 
114 by one or more columns within that modulator 114, Such 
that the modulation of the signal 104 is essentially unaf 
fected by alignment shift. 
0032. By dynamically controlling the modulator 114 to 
compensate for misalignments by Shifting rows and or 
columns of those modulators, misalignments which occur 
over the Specified operating range for the equipment can be 
mitigated. In other words, over temperature ranges typically 
required for optical Systems, e.g. 0 to 70 degrees C., indi 
vidual lenses, gratings, mirrors, etc., within an enclosure 
may shift by different amounts and in different directions 
due to thermal expansion coefficients of the component 
materials, the component mounting materials, the Subsystem 
box materials, and other elements of the System. 
0.033 Specifically, the idea in the pixel-based light modu 
lator is to reassign pixels within the modulator block des 
ignated for the modulation data Signals Specified for the 
particular cells within the modulator. AS an alternative to 
providing an additional emitting device Such as a Semicon 
ductor laser 130, it is possible to monitor the alignment 
Status of a pixel-based free-space optical Subsystem by 
detecting the power reflected to the first diffracted order or 
other diffraction order during pixel reset Sequences or from 
other reflections off of the modulator. This approach would 
enable Such detection to occur without the provision of the 
separate emitting device 130. Diffraction orders such as this 
would be provided by, for example, a DMD light modulator 
at wavelengths in the near-IR Regime (e.g. 1400/1700 mm). 
In the near-IR regime, the DMD behaves as a grating, and 
thus the reflected light is channeled into diffracted orders. By 
placing a detector in the path of the first or other diffracted 
order, the power may be monitored. By Selecting a specific 
pixel block assigned to a predetermined optical data Signal 
(via a detector array or modulator), the power channeled into 
the first diffraction order may be monitored during a reset 
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Sequence for total power, optical misalignment, in the light. 
This monitoring of the diffracted order alignment can be 
accomplished using either a single detector (with shifting 
pixel patterns imposed on the modulator) or using a pix 
elated alignment Signal detector. Thus, it may be possible to 
use a DMD Surface as a diffraction grating Specific to the 
wavelength of interest or to known harmonics of that 
wavelength, essentially to pick up a derived alignment 
Signal from the normal communications signal. This 
approach makes use of the properties of the DMD as a 
diffraction grating as is described in commonly owned U.S. 
Patent Publication No. U.S. 2002/0079432 A1 to Benjamin 
Lee et al., entitled “Two-Dimensional Blazed MEMS Grat 
ing,” which is hereby incorporated by reference herein. By 
using this approach, for example, rather than providing the 
Separate alignment beam, a detector can be placed in a 
Separate optical path upon which the alignment from a 
diffraction order from the free-space optical Signal can be 
detected. 

0034. The optical systems towards which these described 
embodiments could be applied include optical networking 
filters, modulator-based printing devices or display devices, 
sheet optical filtering Systems, or other optical Systems 
requiring free-space light propagation. The alignment beam 
132, which travels from the emitter up 130 to the detector 
135 will proceed in parallel with the free-space optical 
Signal 104 and the modulated free-space optical Signal 115, 
and accordingly will pass over different pixels of the modu 
lator 114. In the described embodiments the pixels stricken 
by the alignment signal 132 on the modulator 114 will be 
close to the pixels used to modulate the free-space optical 
signal 104. 

0035) While this approach is described above with 
respect to making dynamic adjustments for shifting align 
ments within the optical System, it would be possible to 
apply the concepts described to correct larger misalignments 
or to at least compensate for larger alignments until larger 
adjustments can be made for example through the movement 
of mirrors, collimators, or other optical components within 
the System. In Situations where the reassignment of pixels 
within the modulator is unable to completely compensate for 
the misalignments which are occurring, it is possible that a 
Software flag could be alerted Such that the overall system 
management is made aware of the misalignment condition 
Such that an operator can then perform Service on the unit 
and return the unit to alignment through adjusting the optical 
components within the System. 

0036 FIG. 5 is a block diagram of circuitry that can be 
used to interface with the detector 535 and the light modu 
lator 514 to compensate for misalignments occurring in the 
system. In this embodiment, the detector array 535, divided 
into elements 404, provides light intensity Signals to control 
circuitry 510. Given the dynamic nature of the modulator 
514, the control circuitry 510 can dynamically reassign 
groups of pixels of the modulator 514 to modulate the 
different wavelength bands of the free-space optical Signal 
104. 

0037 FIG. 6 is a flow chart showing a possible process 
600 for operation of the free-space optical system 100 using 
the alignment techniques described above. The process 600 
begins with the assembly 602 of the free-space optical 
system 100. The optical system itself has multiple optical 
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components to be aligned with the free-space optical Signal 
104 and modulated free-space optical signal 115. The com 
ponents may initially be mechanically aligned within the 
system 100 according to step 604, although it may be 
possible to design the System with Sufficient precision to 
allow dynamic alignment (see block 612, below) without an 
initial mechanical alignment. After initial alignment, it may 
be then desirable to check the alignment of the alignment 
signal to the detector 135,535 in accordance with block 606. 
By doing this when the System has been optimally aligned, 
it may therefore become more feasible to detect shifts in 
alignment from the optimal optical alignment condition. In 
a manner of Speaking, this action “registers' the position of 
the detected alignment signal 132 on the detector 135,535 
at the time of optical alignment. The alignment Signal 132 
may either be a signal provided by a separate alignment 
signal source 130 or by a diffraction order of the free-space 
optical signal 104 diffracted off of the modulator 114, 515 
during a reset Sequence or at another time. 
0038 Still referring to FIG. 6, once the system 100 has 
been initially assembled, aligned, and/or “registered, the 
system 100 may be operated in accordance with block 608 
of the process 600. During the time of that operation, the 
alignment of the free-space optical Signal 104 and modu 
lated free Space optical Signal 115 may be monitored in 
accordance with block 610. At block 612, according to any 
detected shifts in alignment at block 610, as detected at 
detector 135,535 in communication with the control circuit 
510 (see FIG. 5), the pixels of the modulator 114,514 can 
be re-assigned or shifted in their assignment in accordance 
with the detected shift in alignment. This process continues 
in a loop from 612 back to 608 throughout the operation of 
the free-space optical system 100. The process may be 
continuous, continual, or periodic. 
0.039 A few preferred embodiments have been described 
in detail hereinabove. It is to be understood that the scope of 
the invention also comprehends embodiments different from 
those described, yet within the scope of the claims. Words of 
inclusion are to be interpreted as nonexhaustive in consid 
ering the scope of the invention. While this invention has 
been described with reference to illustrative embodiments, 
this description is not intended to be construed in a limiting 
Sense. Various modifications and combinations of the illus 
trative embodiments, as well as other embodiments of the 
invention, will be apparent to perSons skilled in the art upon 
reference to the description. It is therefore intended that the 
appended claims encompass any Such modifications or 
embodiments. 

What is claimed is: 
1. An optical System comprising: 
a) an optical signal input, the optical signal input operable 

to receive an optical Signal and to provide as an output 
a free-space optical Signal; 

b) a light modulator positioned to receive the free-space 
optical Signal and operable to modulate the free-space 
optical Signal based upon modulation control Signals to 
provide a modulated free-space optical Signal; 

c) a control circuit in communication with the light 
modulator, the control circuit operable to generate the 
control Signals for modulation of the free-space optical 
Signal; and 
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d) an optical alignment detection circuit in electrical 
communication with the control circuit, wherein the 
optical alignment detection circuit detects misalign 
ment in the optical System and together with the control 
circuit is operable to adjust the modulation control 
Signals to compensate for Such misalignment. 

2. The System of claim 1 wherein the optical Signal input 
is via an input fiber collimator. 

3. The System of claim 1 and further comprising a light 
emitting device which generates an alignment optical Signal 
which follows a path that is substantially aligned with the 
free-space optical Signal and the modulated free-space opti 
cal Signal, wherein the alignment optical Signal is received 
by the optical alignment detection circuit at a point Substan 
tially adjacent to the modulated free-space optical Signal. 

4. The System of claim 1 wherein the optical alignment 
detection circuit receives an alignment optical Signal origi 
nating from at least a portion of the free-space optical signal. 

5. The system of claim 4 wherein the alignment optical 
Signal comes from a diffraction order of the free-space 
optical Signal interacting with an optical component in the 
System. 

6. The system of claim 5 wherein the optical component 
is Selected from the group consisting of a mirror, a grating, 
a lens, and a light modulator. 

7. The system of claim 5 wherein the alignment optical 
Signal comes from a diffraction order of the free-space 
optical Signal interacting with the light modulator. 

8. The system of claim 1 wherein the light modulator 
comprises a reflective light modulator. 

9. The system of claim 8 wherein the light modulator 
comprises an array of micromirrors. 

10. The system of claim 8 wherein the light modulator 
comprises an array of liquid crystal cells. 

11. The system of claim 1 wherein the light modulator 
comprises a transmissive light modulator. 

12. The system of claim 11 wherein the light modulator 
comprises an array of liquid crystal cells. 

13. The system of claim 1 wherein the optical system 
comprises a dynamic optical filter. 

14. The system of claim 13 wherein the dynamic optical 
filter is operable for use in optical communications. 

15. The system of claim 1 wherein the optical system 
comprises a digital projector. 

16. The system of claim 1 wherein the modulator com 
prises an array of pixels, and wherein the compensation 
performed by the modulator for the misalignment is a 
reassignment of the pixels in the array. 

17. The system of claim 16 wherein the array of pixels is 
greater in size than the Spot size of the free-space optical 
Signal on the modulator, and wherein the control circuit 
assigns a Subset of the array of pixels to modulate the 
free-space optical signal according to the Spot position of the 
free-space optical signal as estimated by the alignment 
optical detection circuit. 

18. The system of claim 16 wherein the modulator further 
comprises a non-modulating reflective Surface for the reflec 
tion of the alignment optical Signal. 

19. The system of claim 16 wherein the modulator further 
comprises a non-modulating transmissive area for the trans 
mission of the alignment optical Signal. 

20. The system of claim 1 wherein the optical alignment 
detection circuit comprises an array of optical detection 
elements. 
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21. The system of claim 20 wherein the control circuitry 
is operable to determine from electrical signals generated by 
the optical detection elements the approximate location of 
the alignment optical signal intensity peak Striking the 
optical detection elements. 

22. The system of claim 21 wherein the control circuitry 
is operable to adjust the modulation control Signals by 
reassigning pixels within the modulator according to the 
location of the alignment optical signal intensity. 

23. The System of claim 22 wherein the pixel assignment 
of the pixels of the light modulator is shifted by a fixed 
number of pixels relative to the number of optical detection 
elements that the alignment optical Signal intensity peak is 
located from a reference point. 

24. An optical System comprising: 
a) an optical signal input, the optical signal input operable 

to receive an optical Signal as an input and to provide 
as an output a free-space optical signal; 

b) a light emitting device which generates an alignment 
optical Signal which follows a path Substantially 
aligned with the free-space optical Signal; 

c) a light modulator comprising a plurality of pixels, the 
light modulator positioned to receive the free-space 
optical Signal and operable to modulate the free-space 
optical Signal based upon modulation control Signals to 
provide a modulated free-space optical Signal, and 
further operable to reflect the alignment optical Signal 
Such that it continues in a path that is Substantially 
aligned with the modulated free-space optical Signal; 

d) a control circuit in communication with the light 
modulator, the control circuit operable to generate the 
control Signals for modulation of the free-space optical 
Signal; and 

e) an optical alignment detection circuit in electrical 
communication with the control circuit, wherein the 
optical alignment detection circuit is operable to 
receive the alignment optical Signal and to detect 
misalignment in the optical System, whereby the optical 
detection circuit provides signals to the control circuit 
Such that the control circuit is operable to adjust the 
modulation control Signals to compensate for Such 
misalignment. 

25. The system of claim 24 wherein the modulator com 
prises an array of pixels, and wherein the compensation 
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performed by the modulator for the misalignment is a 
reassignment of the pixels in the array. 

26. The system of claim 25 wherein the array of pixels is 
greater in size than the Spot size of the free-space optical 
Signal on the modulator, and wherein the control circuit 
assigns a Subset of the array of pixels to modulate the 
free-space optical signal according to the Spot position of the 
free-space optical signal as estimated by the alignment 
optical detection circuit. 

27. The system of claim 26 wherein the alignment optical 
detection circuit is an array of optical detection elements, 
and wherein the shifting of the assignment of the Subset of 
the array of pixels is done in proportion to the shifting of a 
peak of the alignment optical Signal on the array of optical 
detection elements relative to a reference point. 

28. A method for aligning a free-space optical signal in an 
optical System comprising a light modulator having an array 
of pixels, the method comprising: 

a) assigning certain pixels of the array of pixels for the 
modulation of the free-space optical signal; 

b) generating an alignment optical signal that follows a 
path that is Substantially aligned with the free-space 
optical Signal; 

c) monitoring the position of the alignment optical Signal 
using an optical alignment detection circuit, and 

d) reassigning the pixels of the array for the modulation 
of the free-space optical signal according to the 
detected position of the alignment optical Signal Strik 
ing the optical alignment detection circuit. 

29. The method of claim 28 wherein the alignment optical 
Signal is generated from at least a part of the free-space 
optical Signal. 

30. The method of claim 28 wherein the alignment optical 
Signal is generated from a light emitting device. 

31. The method of claim 28 wherein the assigning and 
reassigning of the pixels of the array is done as a part of the 
original assembly of the optical System. 

32. The method of claim 28 wherein the assigning and 
reassigning of the pixels of the array is done as a part of the 
continued operation of the optical System in order to com 
pensate for shifts in the alignment of the components of the 
optical System. 


